(C) VO2 consumption, respiratory quotient (RQ) and locomotory activity measured over 18 h, including two light and one dark periods, in mice fed lard or fish oil for 2 days of for 5 weeks. Measurements performed on single-caged mice using SOMEDIC metabolic systems and G2 E-Mitter telemetry devices [n=8 (2 days); 5 (5 weeks)].
(D) Correlation analysis between energy expenditure and locomotory activity in mice fed lard or fish oil for 2 days. Correlation between locomotory activity and energy expenditure was based on average values collected over 18 h. Each dot represents data collected in 2 h intervals. 8 mice were used for each dietary group resulting in a total of 72 data points for each dietary group. Energy expenditure was calculated by the equation (3.815 + 1.232*RQ)×VO2. ANCOVA analysis was performed to determine difference in slope between linear regression lines. Fasting (E) insulin and (F) glucose levels in mice fed lard or fish oil for 11 weeks (n=9-10 mice per group). (G) Insulin tolerance in mice fed lard or fish oil (n=9-10 mice per group) for 10 weeks. Abundance of (H) Akkermansia and (I) Lactobacillus in cecum of mice fed lard or fish oil for 3 weeks (N=9 mice per group) and 11 weeks (N=15 mice per group). Quantification of bacteria was performed by qPCR. Mean values ± SEM are plotted; *p<0.05, **p<0.01, ***p<0.001 versus fish oil. Percentage of area occupied by CD45 + cells in WAT from wild-type mice fed lard or fish-oil for 1, 3 or 11 weeks [n=10 (wild-type lard 1 week); 10 (wild-type lard 3 week); 7 (wild-type lard 11 week); 10 (wild-type fish oil 1 week); 10 (wild-type fish oil 3 weeks); 7 (wild-type fish oil 11 week)]. Fasting (C) insulin and (D) glucose levels in mice fed lard or fish oil for 11 weeks [n=6 (wild-type lard); 4 (Myd88-/-lard); 6 (Trif-/-lard); 3 (wild-type fish oil); 9 (Myd88-/-fish oil); 9 (Trif-/-fish oil)]. Insulin tolerance in mice fed (E) lard [n=3 (wild-type); 7 (Myd88-/-); 8 (Trif-/-)] or (F) fish oil [(n=3 (wild-type); 4 (Myd88-/-); 6 (Trif-/-)] for 10 weeks. Mean values ±SEM are plotted; *p<0.05, **p<0.01, ***p<0.001. 
D10011202 (lard diet) D05122102 (Fish-oil diet) g (%)
kcal ( 
Supplementary Experimental procedures Telemetry, energy expenditure and food consumption measurements
Telemetry devices (G2 E-Mitter, Mini Mitter, Bend, OR) were implanted in mice two weeks before the experiment according to the surgery protocol provided by the manufacturer.
Measurements were performed after 2 days or after 5 weeks of high-fat diet. Only one measurement was performed on each mouse. Oxygen consumption (VO2) and carbon dioxide production (VCO2) were recorded every 2 min for 23 h by indirect calorimetry with a SOMEDIC metabolic system (INCA®, Somedic Sales, Hörby, Sweden), which is built around a sealed chamber and ventilated with a constant flow of air. Animals had ad libitum access to food and water during the measurements and the temperature was set to 21°C. The indirect calorimeter was combined with the Mini Mitter telemetry system to measure locomotory activity, defined as the number of changes in direction per minute, and body temperature. The data for the first 3 h were discarded to allow for animal acclimatization to the testing conditions. The respiratory quotient (RQ) was calculated per hour as the VCO2/VO2 ratio. In all calculations, W0.75 was used to correct for body size, according to Kleiber's law (Kleiber, 1932) . Energy expenditure was calculated by the equation (3.815 + 1.232*RQ)×VO2.
Insulin tolerance tests and measurements of plasma insulin levels
Insulin tolerance tests were performed after 10 weeks of high-fat diet by intraperitoneal injection of insulin (0.75 U/kg body weight in lard vs. fish-oil diet; 0.375 U/kg in wild-type vs. mutant mice), after a 4 h fast. Tail blood was collected at 0, 30, 60, 90 and 120 min after injection. Blood glucose levels were determined using a HemoCue glucose 201+ analyzer (HemoCue, Ängelholm, Sweden). Insulin was measured with a kit from Crystal Chem (Downers Grove, IL) according to the manufacturer's protocol.
Extraction of Genomic DNA and Profiling of the 16S rRNA gene by Next Generation sequencing
Total genomic DNA was isolated from 60-100 mg of cecal content, 100 mg of WAT and 50
µl of frozen whole blood collected from the cava vein by using a repeated bead beating method as previously described (Salonen et al., 2010) .
The cecal microbiota of mice fed lard or fish oil diets for 11 weeks was sequenced by 454 pyrosequencing of the 16 rRNA gene in the V1-V2 region, amplified with the 27F and barcoded 338R primers fused with sequencing adapters (Hamady et al., 2008) . The bacterial DNA present in WAT and blood samples of mice fed lard ad fish oil diets for 11 weeks, and the cecal microbiota of the transplanted mice were profiled by sequencing of the V4 region of the 16S rRNA gene on an Illumina MiSeq (llumina RTA v1.17.28; MCS v2.5) using 515F and 806R primers designed for dual indexing (Kozich et al., 2013) and the V2 kit (2x250 bp paired-end reads). Each sample was amplified in duplicate in reaction volumes of 25 μl containing 1x Five Prime Hot Master Mix (5 PRIME GmbH), 200 nM of each primer, 0.4 mg/ml BSA, 5% DMSO and 20 ng (cecal samples) or 100 ng (WAT and blood samples) of genomic DNA. PCR was carried out under the following conditions: initial denaturation for 3 min at 94°C, followed by 25 cycles (cecal samples) or 35 cycles (blood and WAT samples)
of denaturation for 45 sec at 94°C, annealing for 60 sec at 52°C and elongation for 90 sec at 72°C, and a final elongation step for 10 min at 72°C.
Replicates were combined, purified with the NucleoSpin Gel and PCR Clean-up kit (Macherey-Nagel, Germany) and quantified using the Quant-iT PicoGreen dsDNA kit (Invitrogen, Carlsbad, CA). Purified PCR products were diluted to 20 ng/μl and pooled in equal amounts. The pooled amplicons were purified again using Ampure magnetic purification beads (Agencourt, Danvers, MA) to remove short amplification products.
Raw pyrosequencing data was trimmed of the 454 adapter and barcodes, and filtered to remove sequences that were shorter than 200 nucleotides, longer than 1000 nucleotides, contained primer mismatches, ambiguous bases, uncorrectable barcodes, and homopolymer runs in excess of six bases.
Illumina paired-end reads were merged using PEAR (Zhang et al., 2014) and quality filtered with FASTX (Phred score ≥ 20 for 100% of the bases in a sequence). For WAT and blood samples sequences that were shorter than 200 nucleotides or longer than 400 were removed from the analysis.
Quality filtered 454 pyrosequencing and Illumina reads were analyzed with the software package QIIME (Caporaso et al., 2010 ) (version 1.8.0). Sequences were clustered into operational taxonomic units (OTUs) at a 97% identity threshold using an open-reference OTU picking approach with UCLUST (Edgar, 2010) against the Greengenes reference database (DeSantis et al., 2006) (13_8 release). All sequences that failed to cluster when tested against the Greengenes database were used as input for picking OTUs de novo. Representative sequences for the OTUs were Greengenes reference sequences or cluster seeds, and were taxonomically assigned using the Greengenes taxonomy and the Ribosomal Database Project
Classifier (Wang et al., 2007) . Representative OTUs were aligned using PyNAST (Caporaso et al., 2010) and used to build a phylogenetic tree with FastTree (Price et al., 2010) , which was used to estimate α-and β-diversity of samples using phylogenetic diversity (Faith, 1992) and unweighted unifrac (Lozupone and Knight, 2005) . Three-dimensional principal coordinates analysis plots were visualized using Emperor (Vázquez-Baeza et al., 2013) .
Chimeric sequences were identified with ChimeraSlayer (Haas et al., 2011) and excluded from all downstream analyses. Similarly, sequences that could not be aligned with PyNAST, singletons and very low abundant sequences (relative abundance <0.005%) were also excluded.
To correct for differences in sequencing depth, the same amount of sequences was randomly sub-sampled for each sample and used for diversity analyses. The Wilcoxon rank-sum test was used to compare the abundance of OTUs at different taxonomical levels; significant differences were identified after correction for false discovery rate. Statistical significance of sample groupings was tested with a multivariate non-parametric analysis of variance (adonis, 999 permutations) (Anderson, 2001) . LDA Effect Size (LEfSe) (Segata et al., 2011) was used to identify taxa that discriminated microbiota profiles according to the diet. (5'-CGGCTA CCTTGTTACGAC-3').
The total amount of bacterial DNA in WAT and blood samples was quantified with the universal primers UniF (5'-GTGSTGCAYGGYYGTCGTCA-3') and UniR (5'-ACGTCRTCCMCNCCTTCCTC-3') (Fuller et al., 2007) using the 16S rRNA gene of Escherichia coli W3310 as standard. In cecal samples, Lactobacillus with LactoF (5'-TGGAAACAGRTGCTAATACCG-3') and LactoR (5'-GTCCATTGTGGAAGATTCCC-3') (Byun et al., 2004) and Akkermansia with AM1 (5'-CAGCACGTGAAGGTGGGGAC3') and AM2 (5'-CCTTGCGGTTGGCTTCAGAT-3'); the 16S rRNA genes of Lactobacillus reuteri SD2112 and Akkermansia muciniphila were used as standard, respectively. All measurements were performed in duplicates.
Measurement of TLR and NOD activation, SCFAs and LPS
Blood was collected from the vena cava of mice after an 4 h fast using a pyrogen-free syringe/needle, and plasma was immediately isolated and frozen in liquid nitrogen. TLR2, TLR4, TLR5, TLR9 and NOD2 agonists were assayed using HEK-Blue reporter cell lines expressing mTLR2, mTLR4, mTLR5, mTLR9 or mNOD2 (InvivoGen, San Diego, CA) using a modified version of the manufacturer's protocol. HEK-Blue cells were grown for two passages with medium supplemented with selective antibiotics provided by the manufacturer, and then passaged once in medium without any antibiotics. The assay was performed when cells were in passage 11-14 by plating 10 5 cells in 96-well plates containing 10% heatinactivated (2 h at 56 °C) serum. Cells were then incubated with 2% (v/v) serum isolated from vena cava of fasted mice for 21 h at 37 °C under an atmosphere of 5% CO2/95% air. Twenty microlitres of the cell culture supernatants were added to 180 µl of the QUANTI-Blue substrate in a 96-well plate. The mixtures were then incubated at 37°C for 1-3 h and secreted embryonic alkaline phosphatase levels were determined using a spectrophotometer at 655 nm. Ryan et al. (Ryan et al., 2014) . LPS concentration in serum collected from vena cava was measured using Endosafe-MCS (Charles River, Lyon, France) based on the limulus amoebocyte lysate (LAL) kinetic chromogenic methodology as previously described (Caesar et al., 2012) .
Immunohistochemistry of WAT
Immunohistochemistry on paraffin-embedded epididymal WAT sections (5 mm) was performed as previously described (Caesar et al., 2012 
Microarray expression analysis
RNA was isolated from epididymal WAT using RNeasy Lipid Tissue Mini Kit (Qiagen, Hilden, Germany). 250 nanograms of total RNA from each sample were used to generate The raw data were normalized using the robust multi-array average method (Li and Wong, 2001 ). Differential expression of microarray data was evaluated by Student's t-test followed by correction for false discovery rate. Analysis of interaction, using colonization status and diet as independent variables, was evaluated by two-way analysis of interaction followed by correction for false discovery rate. Analysis of enrichment of regulated genes within functional categories [gene ontology categories (GO)] (Ashburner et al., 2000) was performed using the software David (Huang et al., 2008) . The results of the enrichment calculation were filtered for GO categories that were significantly enriched (p<0.05) after Bonferroni correction. Redundancy within lists of GO terms was reduced by the Revigo software (Supek et al., 2011 ) with a similarity score set to 0.5. Principle component analysis was performed in MultiExperiment Viewer (MeV).
Quantitative RT-PCR
RNA was isolated from epididymal WAT using RNeasy kit with on-column DNase treatment (Qiagen). cDNA templates were synthesized from total RNA using the high-capacity cDNA reverse transcription kit (Applied Biosystems, Foster City, CA) according to the manufacturer's protocol. Primers used for Tnfα were CCAGACCCTCACACTCA (forward) and CACTTGGTGGTTTGCTACGAC (reverse) and primers used for Ccl2 were AGGTCCCTGTCATGCTTCTGG (forward) and CTGCTGCTGGTGATCCTCTTG (reverse). PCR assays were performed in 25 µl reactions containing 1xSYBR Green Master Mix buffer (Thermo Scientific, Waltham, MA), and 900 nM gene-specific primers. Gene expression data were normalized to the ribosomal protein L32.
Primary cell harvest, cultivation and assays
Primary adipocytes were prepared by isolating preadipocytes from epididymal WAT of SPF mice fed standard chow diet. WAT was treated with collagenase type II (C6885, Sigma Aldrich, St Louis, MO) (10 mg/ml) in Hank's buffer supplemented with 2% BSA for 1 h at 37°C. The cells were run through a 70 μm cell strainer and the stromal vascular fraction was isolated by centrifugation. Erythrocytes were removed by ACK solution treatment. Primary cells were stimulated with 2% (v/v) of serum isolated from vena cava of fasted SPF or GF mice fed lard diet for 4 hours. The concentration of secreted CCL2 was determined by ELISA (MJE00, R&D Systems).
